Abstract-Proceeding from KHSOa, K2SzOs, NaHSO4 and Na2S208, potassium-and sodium-pyrosulfates were prepared and their thermal decomposition was investigated by a T.G.A. method. This was done in order to clarify contradictory values found in the literature. The presence of an intermediate with composition K2SO5 was detected.
INTRODUCTION
IN A m~CENT literature survey we found a wide variety of data on the decomposition temperatures of dry, powdered potassium-and sodium-pyrosulfates. The starting materials used by different investigators were either freshly prepared pyrosulfates or pyrosulfates obtained from the thermal decomposition of the corresponding dry, powdered hydro-and peroxydi-sulfates. Table 1 lists the values found. The thermal decomposition reactions are considered to be:
K2S2Os --~ K2S207 + ~rO2 (2) K2S207 ---> K2SO4 + SO3
NaHSO4. H20 ---> NaHSO4 + H~O (4) 2NaHSO4 ---> Na2S207 + HzO
Na,2S2Og ---> Na,~S207 + ~O2 (6) Na~SzO7 ---> Na2SO 4 q--SO3 (7) In order to clarify the contradictory literature values we re-investigated the decomposition ranges of the reactions (3) and (7) between 20-1000°C using the corresponding hydro-, peroxydi-and pyrosulfates as starting materials.
EXPERIMENTAL
The compounds used were analytical grade: KHSO4(E. Merck), K2S208 (E. Merck), K2SEO7 (Brocades-Stheeman), NaHSO4. H~O (E. Merck), Na2S208 (Riedel-De Hahn).
The samples were powdered and dried by heating at 56°C in air for about 72 hr. This was immediately followed by the thermogravimetric analyses (T.G.A.) between 20 and 1000°C.
These analyses were carried out in a Stanton TR-01 thermobalance in an atmosphere of air. Samples of about 100 mg of the pre-dried compounds were placed in glazed alumina crucibles preheated in air to 500°C for a day. No buoyancy corrections were applied. Heating rates used were 2/3 °, 4[3 ° and 4°C/min. The decomposition products were quenched by simply removing the furnace of the Stanton TR-01. Their composition was checked by analytical methods. No evidence was found that a reaction of the products with CO2 of atmospheric air had taken place.
From the diffraction patterns formed in a Guinier 11 camera (Nonius) using Cu Ka radiation we obtained d values of the decomposition products. These values were corrected using AINH4 (SO4)2. 12I-t20 as a standard and were compared with the A.S.T.M. X-ray data file. 
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RESULTS
The Figs. 1, 2 and 3 show the T.G.A. curves, obtained at two heating rates, for potassium hydro-, peroxydi-and pyrosulfate.
The Figs. 4 and 5 show the comparable T.G.A. curves for NaHSO4 and Na2S2Os respectively. The parts of the curves between Na2S2Or and Na2SO4 were not reproducible.
The Tables 2 and 3 show the observed data for the conversion of potassiumand sodium-pyrosulfates into the normal sulfates. We found that in all the T.G.A. curves of the various potassium pyrosulfates there was a knee just dividing the decomposition (3) into two parts which correspond with the following reaction scheme:
In order to find whether the intermediate step could be connected with a separate phase the reaction was stopped at the temperature where the intermediate step appeared. The diffraction pattern of this product was compared with the diffraction patterns of the neighbouring phases K2S207 and K2SO4. Both these latter phases were detected but there were more diffraction lines present in the diffraction pattern of the intermediate and these were ascribed to belong to "KzSOs".
In Table 4 Table 4 Powder pattern Table 4 the remaining d values are listed which were assumed to be due to the intermediate K2SO5.
DISCUSSION
From the weight losses taken from the T.G.A. curves, the X-ray diffraction patterns and chemical analyses we may conclude that the thermal decomposition of the potassium-and sodium-, hydro-, peroxydi-and pyrosulfates occurs in definite steps which agree with the reaction scheme given by the reactions (1)- (7) . Comparing the decomposition data listed in Tables 1, 2 and 3 with each other we can match, within the limits given in Tables 2 and 3 , the thermal decomposition data mentioned in the literature with exception of reaction (3) proceeding from K2S207 for which Wickert [5] and Duval [6] gave lower values for the initiating temperature.
From Tables 2 and 3 we find that for the same heating rate the decomposition ranges of potassium pyrosulfates of different origin hardly differ. The behaviour of the sodium pyrosulfates is similar.
From the results using different heating rates, it appears that both the initial decomposition temperature and the decomposition range at which the pyrosulfates convert into the sulfates depend upon the heating rates used. Considering the complete conversion, (see Figs. 1-5) , from the starting material to the normal sulfate it is noticed that the higher the heating rate the less sharp the intermediate step in the T.G.A. curve. Hence the variation in decomposition data found in the literature, (see Table 1 ), can be well explained to be due to different heating rates and procedures while such parameters as crystallite size and specific surface are as yet not considered.
We found that in the T.G.A. curves of the potassium sulfates of various origins a clear intermediate step appeared at which the observed loss in weight agreed exactly with the calculated loss of SOe. The evolution of SOs was proved qualitatively by an iodometric analysis procedure. The weight loss from the intermediate step towards K, SO4 agreed well with the calculated loss of oxygen. The occurence of a flattening in the thermal decomposition curve of K2S20r at about 680°C as measured by Duval [6] seems to be similar with the one found here.
The existence of a separate phase was established by means of the X-ray diffraction experiment.
In the T.G.A. curves of the sodium sulfates of various origins we could not detect any reproducible flattening of the curve that could be associated with an intermediate stage in the decomposition. Hence it might be concluded that a phase of composition "Na~SOs" must be less stable than a phase of composition "K2SO~", a conclusion which might also be expected from a consideration of the stability rules for salts with an easily polarizable anion.
